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Abstract
The financial crisis which followed the meltdown of the US subprime mortgage market and
the subsequent Great Recession were characterized by exceptionally large falls in house
prices, as well as unprecedented levels of economic uncertainty. Against this background,
we examine dynamic correlations between housing market returns and the economic policy
uncertainty (EPU) index developed by Baker et al. (2012), controlling for economic and
financial fundamentals. We find negative correlations throughout the 1987-2014 period.
More importantly, correlations are time-varying and tend to increase sharply in times of
high economic uncertainty, notably around US recessions. This implies that tail risks, or
the probability of unusually large losses for investors in real estate and related securities
following spikes in uncertainty, are significant.
Keywords: Economic policy uncertainty, housing market return, dynamic correlation, US
recession
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1. Introduction
During the financial crisis which followed the meltdown of the US subprime mortgage market
and the subsequent Great Recession, US house prices fell sharply. Investors in real estate
and mortgage-backed securities (MBS) suffered heavy losses. At the same time, economic
policy uncertainty (EPU), as measured by Baker et al. (2012), reached unprecedented levels,
reflecting turmoil in the financial system and the depth of the recession, which was the most
severe since the Great Depression of the 1930s. In this context, the question of the relation-
ship between housing market returns and EPU arises. Understanding how housing market
returns correlate with economic uncertainty is essential for real estate portfolio managers
and more generally for investors in property or related securities such as MBS or equities in
construction and real estate companies. Variations in correlations between uncertainty and
housing market returns over time are even more relevant than average correlations, as an
increase in correlations during periods of high uncertainty would imply significant tail risks,
i.e. a significant increase in the probability of unually large losses for investors following
spikes in uncertainty.
Against this background, we construct a time-varying measure of correlations between
economic policy uncertainty and housing market returns based on the dynamic conditional
correlation (DCC) model of Engle (2002), covering the period from January 1987 to Novem-
ber 2014. Taking into account both time variation and conditional heterogeneity in cor-
relations, the proposed measure has several advantages compared to other commonly used
indicators. It is able to distinguish correlations due to single episodes, synchronous behavior
during years of relative economic stability and asynchronous behavior in turbulent years.
Unlike rolling windows, an alternative way to capture time variability, the proposed measure
does not suffer from the so-called “ghost features”, as the effects of a shock are not reflected
throughout the window span. In addition, under the DCC measure there is neither the need
to set a window span, nor loss of observations, and no subsample estimation is required.
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The correlations computed are conditional on a set of economic and financial variables.
This is important, as unconditional correlations could be driven by common factors, which
could lead to flawed economic interpretations. Both housing market developments and EPU
variations are strongly related to the business cycle. Leamer (2007) notes that eight out
of ten post-war recessions in the US were preceded by shocks to the housing sector. This
number rises to nine, when we include the recent Great Recession. The literature also
documents the link between EPU and real activity (e.g. Bloom, 2009; Colombo, 2013; Jones
and Olson, 2013, for detailed reviews).
Hence, appropriately controlling for determinants of housing market returns and EPU is
essential to consistently estimate the correlations between the two variables. Econometric
models of house prices generally include a measure of income or macroeconomic activity and
a measure of the user cost of housing, as well as demographic and supply-side variables (e.g.
Meen, 2002; Muellbauer and Murphy, 2008). In our study, which uses monthly data, growth
in industrial production is used as the measure of economic activity, while the real federal
funds rate is used as a proxy for the user cost of housing. Demographic and supply-side vari-
ables, which are slow-moving can be omitted in the context of dynamic correlation analysis.
Feedback from housing market returns to EPU is also taken into account, controlling for
implied stock market volatility (VIX) and growth in industrial production. The inclusion of
VIX aims at controlling for the influence of shocks to the financial system on EPU. If such
a control were omitted, coefficients on housing market returns would likely suffer from an
omitted-variable bias, as they would capture part of the influence of financial shocks.
Having set the appropriate controls, we find that dynamic correlations between EPU
and housing market returns are consistently negative, and are strongest during the global
financial crisis of 2008-2009. Strong negative correlations are also observed around the
recession of the early 1990s. On the contrary, correlations are relatively weak during the
2001 recession, one of the two postwar recessions identified by Leamer (2007) as not being
associated with a housing market collapse. The increase in the correlation between housing
market returns and EPU in times of high uncertainty implies that tail risks, or the probability
of unusually large losses for investors in real estate and related securities following spikes in
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uncertainty, are significant.
Our work relates to several strands of the economic, financial and real estate literature.
A number of papers have investigated the volatility of house prices and shown the relevance
of generalized autoregressive conditional heteroskedasticity (GARCH) or DCC models for
modeling it. Guirguis et al. (2005) find that rolling GARCH and Kalman filter models
outperform other specifications in forecasting US house prices. Miller and Peng (2006) find
evidence of time-varying volatility in single-family home appreciation in about 17% of US
MSAs. In addition, they find that volatility is granger-caused by the home appreciation
rate and gross metropolitan product growth. Miles (2008) finds evidence of GARCH effects
in over half of US state housing markets. Hossain and Latif (2009) find evidence of time-
varying house price volatility in Canada and interactions between house price volatility and
key macroeconomic variables. Lin and Fuerst (2014) find evidence of volatility clustering
over time in the majority of Canadian provincial housing markets. Tsai et al. (2010) find
time-varying volatility in UK house prices. Hui and Zheng (2012) use a DCC model to
investigate links between real estate prices and rents in Hong Kong and find time-varying
correlations. Fei et al. (2008) use a DCC model to examine correlations of REIT, real estate
and stock market returns in the US. They find the correlations to be time-varying and related
to developments in macroeconomic variables. Liow (2011) studies DCCs in European real
estate securities market and finds low to moderate correlations, which however increase after
the global financial crisis.
Applying the same methodology as in our paper, Antonakakis et al. (2013) find that
dynamic correlations between EPU and stock market returns are consistently negative over
time, except during the latest financial crisis. El Montasser et al. (forthcoming) study
the causal relationship between real housing prices and EPU in a constant parameter bi-
variate panel vector autoregressive set-up of seven advanced economies, including the US.
They detect one-way causality running from real house prices to EPU for the US and bi-
directional causality in the seven country panel. Our paper extends the work of El Montasser
et al. (forthcoming), both by allowing for time-variation in the relationship between housing
market returns and EPU and by introducing a set of economic and financial control variables
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to avoid potential omitted variables bias.
The remainder of the paper is organized as follows. Section 2 discusses the methodol-
ogy. Section 3 describes the data. Section 4 presents the empirical findings, and Section 5
concludes the paper.
2. Methodology
In order to examine the evolution of co-movements between economic policy uncertainty
and housing market returns, we obtain a time-varying measure of correlation based on the
dynamic conditional correlation (DCC) model of Engle (2002).
Let yt = [y1t, y2t]
′ be a 2 × 1 vector comprising the data series. The conditional mean
equations are then represented by:
A(L)yt = B(L)xt + εt, where εt|Ωt−1 ∼ N(0, Ht), and t = 1, ..., T (1)
where A and B are matrices of endogenous and exogenous variables, respectively, L the lag
operator and εt is the vector of innovations based on the information set, Ω, available at
time t− 1. The εt vector has the following conditional variance-covariance matrix:
Ht = DtRtDt, (2)
where Dt = diag
√
hit is a 2 × 2 matrix containing the time-varying standard deviations
obtained from univariate GARCH(p,q) models as:
hit = γi +
Pi∑
p=1
αipε
2
it−ip +
Qi∑
q=1
βiqhiq−q, ∀i = 1, 2. (3)
The DCC(M,N) model of Engle (2002) comprises the following structure:
Rt = Q
∗−1
t QtQ
∗−1
t , (4)
where:
Qt = (1−
M∑
m=1
am −
N∑
n=1
bn)Q¯+
M∑
m=1
am(ε
2
t−m) +
N∑
n=1
bnQt−n. (5)
Q¯ is the time-invariant variance-covariance matrix retrieved from estimating equation (3),
and Q∗t is a 2×2 diagonal matrix comprising the square root of the diagonal elements of Qt.
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Finally, Rt = ρij t =
qij,t√
qii,tqjj,t
where i, j = 1, 2 is the 2× 2 matrix comprising the conditional
correlations and which are our main focus.
3. Data
The two main variables of interest in this paper are house prices and EPU. House prices
are measured by the S&P/Case-Shiller 10-City composite home price index. This is one of
the most widely used index to monitor house price developments in the US. It is a repeat
sales index which tracks the value of single-family homes in 10 MSAs (for more details,
see S&P Dow Jones Indices, 2015). EPU refers to the index developed by Baker et al.
(2012), which is based on three components. The first one quantifies newspaper coverage
of policy-related economic uncertainty. It consists of the number of news articles from
top US newspapers containing the terms uncertain or uncertainty, economic or economy,
as well as policy relevant terms. The second component reflects the number of federal tax
code provisions set to expire in future years. The third component uses disagreement among
economic forecasters as a proxy for uncertainty. The overall index is computed as a weighted
average of the three components, normalized by their standard deviation.
The Case-Shiller home price index is obtained from FRED, and converted to real returns
by taking the annualized monthly change of the natural logarithm of the real index (i.e.
deflated by CPI) as: 1200× (log(rCSt)− log(rCSt−1)). We also control for various factors,
such as inflation, real industrial production growth, the implied volatility of stock markets
(VIX) and the first difference of the real federal funds rate. Our sample contains monthly
observations ranging from January 1987 to November 2014 (totalling 335 observations).
Figure 1 presents the evolution of the aforementioned series. According to this figure,
we observe that peaks of economic policy uncertainty are associated with declining housing
markets returns and industrial production, interest rate cuts and increases in the volatility
of stock markets (VIX) and inflation (especially during US recessions).
Table 1 presents the descriptive statistics of our data. According to this table, we
observe large variability in our main variables. The augmented Dickey-Fuller (ADF) test
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with just a constant indicates that all series are stationary.1 The fact that the ARCH-LM test
rejects the null hypothesis of homoskedasticity for each series indicates the appropriateness
of modelling our series of interest as an ARCH-type process. Finally, the unconditional
correlation between economic policy uncertainty (EPU) and each of the other series, apart
from that between EPU and the VIX, is negative.
4. Estimation Results
Table 2 reports the results of the DCC model. Panels A and B present the conditional mean
and variance results, respectively, while Panel C contains the Ljung-Box Q-Statistics on the
standardized and squared standardized residuals, respectively, up to 12 lags. The choice of
the lag-length of the autoregressive process of the conditional mean is based on the Akaike
information criterion (AIC) and Schwarz Bayesian criterion (BIC).
As expected, we find that growth in real housing market returns is associated with
increases in industrial production growth and cuts in the real federal funds rate. Also in line
with the literature, house prices show inertia, as measured by autoregressive coefficients.
Having set these controls, we find a significant influence of lagged EPU on housing market
returns. The strong impact of uncertainty on housing market returns is consistent with the
well-documented impact of uncertainty on investment (Bernanke, 1983). Investors in real
estate are bound to be exceptionally cautious in times of uncertainty, as search, transaction
and carrying costs are high and assets are non-homogenous, indivisible and illiquid. This
lowers demand and hence prices.
There is a strong feedback loop between EPU and real housing market returns. Increases
in lagged real housing market returns significantly reduce economic policy uncertainty, when
controlling for implied stock market volatility (VIX) and growth in industrial production,
whose coefficients have the expected signs. Higher implied stock market volatility (VIX)
and reduced industrial production growth increase EPU, which also displays persistence, as
1In the analysis below, we use the (stationary) first difference of the real interest rate series as that series
in levels contains a unit-root.
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evidenced by autoregressive coefficients. The feedback from real housing market returns to
EPU is consistent with spillovers effects from housing to the wider economy, and in particular
with the fact that recessions associated with housing market meltdowns tend to be deeper
and more protracted than other downturns (Reinhart and Rogoff, 2009; Jorda´ et al., 2014).
Conditional variance results support the existence of the GARCH effects found in the
literature. In other words, there is evidence of time-varying volatility, with large variations
in housing market returns tending to cluster around certain points in time, which validates
the choice of the DCC model. Finally, the model does not suffer from serial correlation in
the squared (standardized) residuals, according to the misspecification tests in Panel C of
Table 2.
In Figure 2, we present the dynamic conditional correlations of the model estimated
in Table 2, along with their 90% confidence intervals. The dynamic correlations between
EPU and housing market returns are consistently negative over time, and are strongest
during the latest global financial crisis. During the Great Recession, the increase in EPU
was associated with an unprecedented decline in housing market returns. Strong negative
correlations are also observed around the recession of the early 1990s. On the contrary,
correlations are relatively weak during the 2001 recession, one of the two postwar recessions
identified by Leamer (2007) as not associated with a housing market collapse. The increase
in the correlation between housing market returns and EPU in times of high uncertainty
implies that tail risks, or the probability of unually large losses for investors in real estate
and related securities following spikes in uncertainty, are significant. Taking this result into
account in their risk management strategy is essential for real estate portfolio managers and
more generally for investors in property or related securities such as MBS or equities in
construction and real estate companies.2
2As a robustness check, we repeated the estimation with the real housing returns constructed based on
the house price index from the Federal Housing Finance Agency (FHFA). Our main conclusions remain
similar. These results are available upon request.
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5. Conclusion
The aim of this study was to examine the time-varying correlations between EPU and hous-
ing market returns, while controlling for various economic and financial factors. The results
reveal that the dynamic correlations are consistently negative over time, and increase signifi-
cantly during the latest financial crisis and more generally in periods of high uncertainty and
recessions. We find a strong feedback loop between EPU and real housing market returns.
On the one hand, increases in EPU reduce housing market returns, after controlling for out-
put and interest rate developments. On the other hand, falls in real housing market returns
significantly increase EPU, when controlling for implied stock market volatility (VIX) and
growth in industrial production. The feedback from real housing market returns to EPU is
consistent with spillovers effects from housing to the wider economy, and in particular with
the well-documented fact that recessions associated with housing market meltdowns tend
to be deeper and more protracted than other downturns. Our results imply that investors
in real estate and related securities should pay attention to tail risks, or the probability of
unusually large losses following spikes in uncertainty.
A potential avenue for future research would be to examine the link between housing
market returns and EPU in regional housing markets, as some markets may be more sensitive
than others to changes in uncertainty. One could also explore whether the link between
housing market returns and EPU holds for European countries. In addition, time-varying
VAR models could be used to generate impulse responses, which would provide further
information on the evolution of responses to various shocks over time and across horizons.
Disclaimer
The views expressed in this paper are those of the authors and do not necessarily re-
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Figure 1: Plots of underlying series
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Figure 2: Dynamic conditional correlations between economic policy uncertainty and real housing market
returns
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Note: Dotted lines are the 90% confidence intervals. Shading denotes US recessions as defined by NBER.
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Table 1: Descriptive statistics
EPU rCS returns rIP growth Inflation VIX DrFFR
Min 57.203 -0.0252 -0.0438 -0.0179 10.420 -0.5419
Mean 106.33 0.0010 -0.0003 0.0023 20.389 -0.0172
Max 245.13 0.0175 0.0194 0.0137 61.410 0.4098
Std 33.061 0.0080 0.0068 0.0026 7.8906 0.1262
ADFa (constant) -5.298** -3.981** -14.98** -11.47** -5.567** -10.49**
ARCH(10) LM Test 77.068** 65.618** 3.7136** 4.6747** 67.435** 5.9700**
Unconditional Correlations
EPU 1.0000
rCS returns -0.2018 1.0000
rIP growth -0.1342 0.3654 1.0000
Inflation -0.1096 -0.2733 -0.3553 1.0000
VIX 0.4465 -0.0622 -0.0950 -0.1845 1.0000
DrFFR -0.2397 -0.1745 0.1527 0.0965 -0.2435 1.0000
Note: a The 5% and 1% critical values are -2.87 and -3.45, respectively. * and ** indicate significance at
5% and 1% level, respectively.
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Table 2: Estimation results of DCC-GARCH model, Period: 1987M1 – 2014M11
Panel A: Conditional mean
EPUt rCSrt
Cons 3.5592 0.1493
(3.3082) (0.8998)
EPUt−1 0.6835*** -0.0021***
(0.0609) (0.0001)
EPUt−2 0.0068 -0.0065
(0.0746) (0.0139)
EPUt−3 0.0252*** -0.0268**
(0.0073) (0.0133)
EPUt−4 0.1723*** -0.0353***
(0.0495) (0.0093)
rCSrt−1 -0.3696** 0.7522***
(0.1863) (0.0538)
rCSrt−2 -0.3647*** 0.0150
(0.1134) (0.0663)
rCSrt−3 -0.0226 0.0804
(0.2377) (0.0615)
rCSrt−4 -0.1295*** 0.0954*
(0.0235) (0.0495)
V IXt 0.6798***
(0.1056)
IPgrt -0.3697*** 0.1383***
(0.0929) (0.0210)
drFFRt -0.1408***
(0.0319)
Panel B: Conditional variance: Ht = Γ
′Γ +A′t−1′t−1A+B′Ht−1B
γ 28.5882 0.2445
(19.4637) (0.1788)
α1 0.2785*** 0.1012***
(0.0914) (0.0228)
β2 0.6450*** 0.8878***
(0.1363) (0.0215)
a 0.0658***
(0.0183)
b 0.8966***
(0.0752)
Panel C: Misspecification tests
Q(12) 10.5237 11.2343
[0.3958] [0.3464]
Q2(12) 10.7169 11.8465
[0.3623] [0.3218]
Note: EPUt, rCSrt, V IXt, IPgrt, and drFFRt denote economic policy uncertainty, real Case-Shiller house
market returns, implied volatility index (VIX), real industrial production growth, and the first difference
of the federal funds rate, respectively, at time t. Q(12) and Q2(12) are the Ljung-Box Q-Statistics on the
standardized and squared standardized residuals, respectively, up to 12 lags. Standard Errors in parenthesis
and p-values in square brackets. ***, ** and * denote statistical significance at the 1%, 5% and the 10%
level, respectively.
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